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Pronounced skin capillary ischemia in the feet
of diabetic patients with bad metabolic control
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Summary Skin capillary circulation is impaired dur-
ing postocclusive reactive hyperaemia (PRH) in toes
of diabetic patients independent of diabetes duration
and macrocirculation! The aim of this study was to
examine its relation to metabolic control. The skin
microcirculation was investigated in 20 patients with
insulin-dependent diabetes mellitus: 10 patients with
bad [HbA,,> 7.5 (8.7+0.8) %], and 10 patients with
good metabolic control [HbA,,<7.5 (6.3£1.0)%].
The diabetes duration was similar in both groups
(16 £9 and 16 £ 6 years, respectively). None had
macroangiopathy. Thirteen healthy subjects served
as controls. The capillary blood cell velocity (CBV)
in the nailfold of the great toe was investigated by
videophotometric capillaroscopy, and the total skin
microcirculation by laser Doppler fluxmetry (LDF).
CBYV and LDF were studied during rest and after 1-
min arterial occlusion. The vibration perception
thresholds (VPT) of the feet were higher (p < 0.05)
in the patients with bad (34 £ 12 V), as compared to

patients with good metabolic control (18 £ 10 V) and
to healthy subjects (133 V). Peak CBV during
PRH was reduced in both patient groups (p < 0.01),
and lowest in the patients with bad metabolic control
(p <0.05). Time to peak CBV was prolonged
(p <0.01) in the patients with bad, while normal in
the patients with good metabolic control. LDF was
similar in all groups. An inverse correlation was
found between HbA,. and peak CBV during PRH
(r =0.60; p = 0.008), while positive correlations were
found to time to peak CBV (r=0.62; p =0.004) and
VPT (r=0.60; p =0.01). No associations were seen
between VPT and the microcirculatory variables.
The results indicate that the metabolic control is of
importance for the nutritive capillary circulation and
the peripheral nerve function in the diabetic foot.
[Diabetologia (1998) 41: 410—415]
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An impaired skin capillary circulation has been dem-
onstrated in the diabetic foot during postocclusive re-
active hyperaemia (PRH), and this “capillary ischae-
mia” was independent of diabetes duration and was
shown despite normal macrocirculation [1, 2]. The re-

Received: 22 October 1997

Corresponding author: Gun Jorneskog, M. D., PhD., Depart-
ment of Internal Medicine, Karolinska Hospital, S-17176
Stockholm, Sweden

Abbreviations: CBYV, capillary blood cell velocity; LDF, laser
Doppler fluxmetry; PRH, postocclusive reactive hyperaemia;
VPT, vibration perception threshold; PVD, peripheral vascu-
lar disease.

duction of maximal blood flow in the nutritional skin
capillaries is more pronounced when late diabetic
complications are present [1-3], but can already be
shown early after diabetes onset [1, 2], suggesting
that functional disturbances in skin microcirculation
precede late diabetic complications. The microcircu-
latory findings indicate that there is a maldistribution
of blood between nutritive capillaries and subpapil-
lary vessels leading to reduced blood flow in the cap-
illaries. This maldistribution may be one factor lead-
ing to impaired tissue oxygenation in diabetes [4, 5].
As the feet are a region exposed to great stress, a dis-
turbed circulation in nutritional capillaries may gen-
erate a regional ischaemia contributing to complica-
tions such as neuropathy and chronic foot ulcers [6,
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7]. The exact mechanism behind the maldistribution
of blood between nutritional and non-nutritional mi-
crovessels is not fully known, but the metabolic con-
trol may be of importance since hyperglycaemia caus-
es functional endothelial disturbances [8-12] which
may progress to structural changes [13, 14].

The aim of the present study was to investigate the
skin microvascular reactivity in two groups of insulin-
dependent diabetic patients, one with “good” and
one with “bad” metabolic control, to see if any differ-
ences in functional microangiopathy could be related
to the degree of metabolic control.

Subjects and methods

Patients. Two groups of patients with insulin-dependent diabe-
tes mellitus (IDDM), one with good [HbA, <7.5
(6.3£1.0)%] and one with bad [HbA, >7.5 (8.7£0.8) %]
metabolic control (p <0.001), were investigated. The refer-
ence value for HbA, was < 5.5 %! Clinical data are presented
in Table 1. The patient groups were similar in age and diabetes
duration. None of the patients had any history of cerebral or
cardiovascular events or clinical signs of peripheral vascular
disease (PVD) as evaluated by segmental blood pressure mea-
surements [15] (Table 2). One patient, with good metabolic
control, had a high ankle blood pressure (250 mm Hg), indicat-
ing increased calcification of the vessel walls in the lower ex-
tremities. Peripheral neuropathy was assessed by measuring
vibration perception thresholds of the feet by biothesiometry
[16, 17] (Bio-Medical Instrument Company, Newbury, Ohio,
USA) (Table 2). Urine was collected in overnight samples for
determination of microalbuminuria [18], and the eyes were ex-
amined by an ophthalmologist with ophthalmoscopy and fun-
dus photography. All patients were treated with four doses of
insulin daily. Regular insulin was given with meals and NPH
at night.

Healthy control subjects. Thirteen healthy subjects similar in
age to the patients were investigated. None of the healthy sub-
jects had any family history of diabetes and the HbA, -value
was 3.7+0.5%.

Methods. The skin microcirculation in the nailfold of the great
tog was investigated by computerised videophotometric capil-
laroscopjj [19-22] and laser Doppler fluxmetry [22, 23]. The in-
vestigations were performed in the morning approximately
60 min after breakfast and 90 min after injection of regular in-
sulin. All subjects were acclimatized for 30 min before the in-
vestigations started, and the room temperature was kept be-
tween 22 and 24°C. All participants were asked to refrain
from smoking and drinking coffee 8 h before the study. The
subjects were investigated in the supine position with the knees
slightly flexed and the feet at the heart level. The legs were
resting comfortably in a special holder to avoid involuntary
movements of the feet. A miniature cuff (20 mm wide) was ap-
plied at the proximal phalanx of the investigated great toe so
that arterial occlusions could be performed. The skin tempera-
ture of the toe nailfold was continuously recorded with an elec-
tronic thermistor (Exacon, Copenhagen, Denmark).

Videophotometric capillaroscopy. Nailfold capillaries of the
great toe were visualized on a TV-monitor by a Leitz Laborlux
microscope [Leica (Leitz), Wetzlar, Germany| on which a
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Table 1. Clinical details of the diabetic patients and healthy
control subjects

Good Bad Healthy
Metabolic  Metabolic ~ Subjects
Control Control

HbA,. (%) 63+1.0 8.7+0.8 3.7+0.5°

Sex (female:male) 3:7 5:5 5:8

Age (years) 35+7 42+12 41+12

Smokers (n) 4 5 3
Duration of

diabetes (years) 16+6 16+9 -
Retinopathy

(Background/preprolif)  8/2 5/5 -
Microalbuminuria (n) 6 7 -

Results expressed as number (n), or mean + SD

2 p <0.001 as compared to patients with good metabolic con-
trol

 p =0.0001 as compared to diabetic patients

Table 2. Vibration perception thresholds and peripheral blood
pressure measurements in diabetic patients and healthy con-
trol subjects

Good Bad Healthy
Metabolic Metabolic Subjects
Control Control

n 10 10 13

Vibration

perception

threshold (V) 18 £10 34+ 120 133

Arm blood

pressure

(mmHg) 125+ 13/80+11 134+15/82+9 128+ 15/80+10

Ankle blood

pressure

(mmHg) 148 £41 133+19 135+ 20

Toe blood

pressure

(mmHg) 121 +22 115+ 16 120 £ 20

Toe/arm

blood

pressure

index 1.0£0.2 09%0.2 0.9+0.1

Values expressed as mean + SD
2 p < 0.05 as compared to patients with good metabolic control
and to healthy controls

CCD video camera (ICD-44 DC, Ikegami, Tokyo, Japan) was
mounted. The image was stored on videotape for subsequent
analysis. The capillary blood cell velocity (CBV) was deter-
mined by a computerised, videophotometric, cross-correlation
technique [19-22] (Capiflow AB, Stockholm, Sweden). CBV
was measured in a suitable capillary with good contrast and
visible signals. This has been shown to be relevant for studying
skin microvascular reactivity [24, 25]. The following variables
were determined: CBV was continuously computed for 3 min
and the computer-integrated mean value during this period is
termed resting CBV (mm/s); peak CBV (mm/s), time to peak
CBYV (s), and per cent increase of resting CBV (CBV %) were
measured following release of a 1 min arterial occlusion at the
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Table 3. Microcirculatory data in the diabetic patients and
healthy controls

Good Bad Healthy

Metabolic Metabolic Subjects

Control Control
n 10 10 13
Skin temperature (°C) 29.5+1.8 281+1.6¢ 289+2.1
Resting CBV (mm/s) 024+0.28  0.12+0.11* 0.34+0.38
Peak CBV (mm/s) 0244023 0.10+0.06%¢ 0.58 £0.32
Time to peak CBV (s) 12.8+4.4 36.2+21.6"° 14.8+5.7
CBV % 40 +103° 2+35¢ 137+ 111
Resting LDF (V) 2014 23+25 12£0.8
Peak LDF (V) 32+£19 29128 27+£13
Time to peak LDF (s) 8.0+2.8 11.8+6.0 85+3.8
LDF % 155+ 210 66 + 78 185+ 119
Biological zero (V) 021£0.15 0.11£0.07 0.19+0.11
Resting CBV/LDF 0.19+0.15  0.09+0.11> 0.38+0.38
Peak CBV/LDF 0.09+0.06"* 0.06+0.05 024+0.14

CBV = capillary blood cell velocity. LDF = laser Doppler flux-
metry. Values are given as mean + SD.

ap <0.05, *p<0.01, °p<0.001 as compared to healthy con-
trols.

4p <0.05, ¢p<0.01 as compared to patients with good meta-
bolic control

proximal phalanx of the toe with a cuff pressure of 200 mm Hg.
The reproducibility of the capillaroscopic technique used has
been tested in earlier studies [1, 2, 25, 26].

In a separate study, the influence of leg position on skin
capillary circulation in the toes was investigated in five healthy
subjects. Resting CBV in nailfold capillaries was measured
a) when the knees were slightly flexed, and then b) when the
legs were in the straight position. The investigations were per-
formed with the subject in the supine position and with the
feet at the heart level. The same capillaries were investigated
in the two positions. The results show no differences in resting
CBV between the two positions: knees slightly flexed
0.12+0.08 (min 0.04; max 0.23) mm/s compared to knees
straight 0.12 £ 0.07 (min 0.06; max 0.22) mm/s. Resting CBV
was measured for 1 to 3 min in each position.

Laser Doppler Fluxmetry. The total skin microcirculation was
measured by laser Doppler fluxmetry (LDF) (Periflux, Pf 1d,
Perimed, Stockholm, Sweden) simultaneously with videopho-
tometric capillaroscopy [22]. The laser Doppler output signal,
which to more than 90 % is generated by flow in subpapillary
vessels [23], was continuously registered on a pen recorder
and the full scale deflection was 10 V. A band-width of
4 Khz and a gain of 10 times were used. The laser Doppler
probe was placed within the skin area immediately adjacent
to the microscopic field of view and LDF was measured con-
tinuously. The following variables were measured: LDF was
calculated at 5s intervals for 3 min and the mean LDF for
this period was termed resting LDF (V). Peak LDF (V),
time to peak LDF (s), and per cent increase of resting LDF
(LDF %) were measured after a 1-min arterial occlusion at
the proximal phalanx of the toe. The remaining flux signal
during the arterial occlusion was considered to be the biolog-
ical zero (V) value, which was subtracted from the total laser
Doppler signal [23, 27]. The ratios between CBV and LDF
during rest and postocclusive reactive hyperaemia, respec-
tively, were calculated. This ratio represents an index for the
distribution of blood between capillary and subpapillary ves-
sels.
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Laboratory Tests. Venous blood was taken for determination
of glycosylated haemoglobin (HbA,.). HbA,, was analysed by
the ELISA-method using monoclonal antibodies (Dakopatts,
DAKO Diagnostics Ltd, Cambridge, UK). Microalbuminuria
was determined by a nephelometric assay (Array, Beckman In-
struments Inc., Brea, Calif., USA).

Statistical analysis. Data are given as mean + SD. The Mann-
Whitney U test and Kruskal Wallis test were used to test differ-
ences between the groups. A value of p < 0.05 was considered
statistically significant. The relationship between microcircula-
tory and other variables were investigated with simple regres-
sion analysis.

Ethical considerations. All subjects gave their informed con-
sent to the study. The study was approved by the ethics com-
mittee of the Karolinska Hospital.

Results

The microcirculatory data are shown in Table 3. The
skin temperature, resting LDF, peak LDF, time to
peak LDF, and biological zero were similar in pati-
ents and healthy control subjects. A somewhat lower
(p < 0.05) skin temperature was seen in the patients
with bad metabolic control, as compared to the pati-
ents with good metabolic control.

Resting CBV was reduced (p < 0.05) in the pati-
ents with bad metabolic control, as compared to heal-
thy control subjects, while it was similar to patients
with good metabolic control.

Peak CBV was decreased (p < 0.01) in both dia-
betic groups, as compared to healthy subjects. How-
ever, the patients with bad metabolic control had low-
er peak CBV (p = 0.02) than the patients with good
metabolic control (Fig.1). Time to peak CBV was
prolonged (p < 0.01) in the patients with bad meta-
bolic control, both as compared to healthy subjects
and to patients with good metabolic control, while
the patients with good metabolic control showed val-
ues similar to healthy control subjects (Fig.2).
CBV % was lower (p < 0.01) in both patient groups,
as compared to healthy control subjects, while
LDF % was decreased (p < 0.05) in the patients with
bad metabolic control.

The ratio between resting CBV and resting LDF
was reduced (p < 0.01) in the patients with bad meta-
bolic control, while the ratio between peak CBV and
peak LDF was decreased (p <0.01) in both patient
groups, as compared to healthy control subjects. No
significant differences were seen between the patient
groups regarding these two variables. An inverse cor-
relation (r = —0.60; p = 0.008) was seen between the
metabolic control (HbA,,) and peak CBV (Fig.3),
while a positive correlation (r = 0.62; p = 0.004) was
found between HbA . and time to peak CBV (Fig.4).

The diabetic patients with bad metabolic control
had higher (p < 0.05) vibration perception thresholds
than the patients with good metabolic control and
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Fig.1. Peak capillary blood cell velocity (CBV) in 10 patients
with good metabolic control, 10 patients with bad metabolic
control, and in 13 healthy control subjects. Box-plot values of
peak CBV showing median values and the 10th, 25th, 75th
and 90th percentiles
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Fig.2. Time to peak capillary blood cell velocity (CBV) in
10 patients with good metabolic control, 10 patients with bad
metabolic control, and in 13 healthy control subjects. Box-
plot values of peak CBV showing median values and the 10th,
25th, 75th and 90th percentiles

healthy control subjects (Table 2). A positive correla-
tion was found between HbA . and the vibration per-
ception threshold (VPT) (r = 0.60; p = 0.01) in the pa-
tients (Fig.5), while no significant correlations were
found between the VPT and the microcirculatory
variables, i.e. peak CBV (r=-0.36; p =0.12), time
to peak CBV (r=0.32; p=0.17) and CBV%
(r=-0.27; p = 0.26).

Discussion

The results of the present study show an impaired
skin capillary circulation in the feet of diabetic pati-
ents, despite normal macrocirculation and total skin
microcirculation. However, the results also show a
more pronounced “capillary ischaemia” in the pati-
ents with bad metabolic control, defined as
HbA,.>7.5%, which is in agreement with other
studies showing an association between metabolic
control and the development of late diabetic compli-
cations [14]. In the present study, the patients with
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Fig.3. Relation between HbA,, and peak capillary blood cell
velocity (CBV) in 20 patients with IDDM
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Fig.4. Relation between HbA, and time to peak capillary
blood cell velocity (CBV) in 20 patients with IDDM

bad metabolic control showed a lower and more de-
layed response in the capillaries during postocclusive
reactive hyperaemia (PRH), as compared to corre-
sponding patients with good metabolic control
(HbA,. < 7.5%). These differences in skin microvas-
cular reactivity between the two patient groups were
demonstrated despite similar age, diabetes duration,
peripheral blood pressures and total skin microcircu-
lation. A slightly lower (p =0.04) skin temperature
in the patients with bad metabolic control may con-
tribute to the reduced CBV in these patients, espe-
cially during resting conditions.

The reduced capillary circulation during PRH may
be due to an impaired ability to dilate precapillary
vessels [28, 29]. During arterial occlusion the intra-
vascular pressure distal to the pressure cuff falls to al-
most zero. This causes a decrease in myogenic vascu-
lar tones, which, on release of cuff pressure, leads to
a rapid increase in blood flow to the area [30-33].
Several factors are most probably involved in the im-
paired vasodilatory capacity seen in diabetic patients.
One factor might be an increased stiffness in precapil-
lary vessel walls due to increased glycosylation and
formation of non-enzymatic advanced glycosylation
end-products. These compounds are formed slowly
through chemically irreversible processes and accu-
mulate continuously with time, and may contribute
to diabetic angiopathy [34]. Biochemical changes
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Fig.5. Relation between HbA;. and vibration perception
threshold in 20 patients with IDDM

contribute also to changes in the vascular basement
membrane. The capillary basement membrane is
thicker in diabetic patients and this alteration is
more pronounced in the legs, most likely due to the
higher hydrostatic pressure in this part of the body
[35]. However, the metabolic control seems also to
be important [36]. A thick basement membrane may
decrease the elastic properties of the vessel walls
and reduce PRH. Endothelial cellular dysfunction is
another factor which most probably influences local
microvascular regulation, as the endothelial produc-
tion of locally vasoactive substances, such as nitric ox-
ide and prostanoids, may be altered [37-39].
Functional and structural changes in skin microcir-
culation may force blood from nutritional capillaries
to subpapillary vessels with lower resistance, e.g. ar-
teriovenous (AV) connections [40]. These AV-shunts
are innervated by sympathetic nerves [41], and conse-
quently denervation, as in our patients with severe
neuropathy, may lead to an opening of these shunts
and a further maldistribution of blood between capil-
laries and subpapillary vessels. In the present study
no significant associations were found between pe-
ripheral sensory neuropathy, as evaluated by VPT,
and the microcirculatory variables. This may be due
to the rather small sample size in the study. However,
another explanation for the lack of correlation to
VPT may be that disturbances in peripheral auto-
nomic nerve function precede and are independent
of sensory nerve function. We have shown earlier
that the skin capillary ischemia in the diabetic foot
can be demonstrated very early after onset of diabe-
tes [1, 2] and in patients without any evidence of com-
plications, which supports our postulation that this
microvascular disturbance may in the long run con-
tribute to the development of late diabetic complica-
tions, e.g. neuropathy. An increased arteriovenous
shunting has also been demonstrated in the vasa ner-
vorum of the sural nerve [7], leading to impaired oxy-
genation of the nerve and probably sensory dysfunc-
tion. It has been suggested that hyperglycaemia in-
duces a relative intracellular hypoxia (pseudohypox-
ia), which provides an explanation for the increased
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susceptibility of diabetic patients to hypoxic and is-
chaemic injury [42]. “Capillary ischaemia” due to
functional disturbances in microcirculation may be
another factor causing impaired tissue oxygenation
in diabetic patients [5].

In conclusion, the results of the present study indi-
cate that metabolic control is of importance for skin
capillary circulation in the diabetic foot. The mi-
crovascular disturbance is characterised by a maldis-
tribution of blood from nutritive skin capillaries to
subpapillary vessels leading to capillary ischemia!
These disturbances in nutritive microcirculation may
be of importance for the development of diabetic
foot complications and may explain why the diabetic
foot is more susceptible to pressure and has an im-
paired ulcer healing process.
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